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Abstract. We present the results of a systematic observational campaign designed to search for microvariability in the optical 
polarization of BL Lac objects. We have observed a sample formed by 8 X-ray-selected and 10 radio-selected sources, looking 
for rapid changes in both the degree of linear polarization and the corresponding polarization angle. The whole campaign was 
carried out along the last three years, and most of the objects were observed at least on two consecutive nights. The statistical 
properties of both classes of BLLac objects are compared, and some general conclusions on the nature of the phenomenon are 
drawn. In general, radio selected sources seem to display higher duty cycles for polarimetric microvariability and, on average, 
they have a stronger polarization. 
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1. Introduction 

The existence of rapid changes (time scales from minutes 
to hours) in the optical brightn ess of blazars is a well es- 
tablished fact teacindll97d iMiller et alJll989t iRomero etai] 
Il999t IStalinetalJl2004 l2005l) . These variations are usually 
called microvariability or intranight variability. The incidence 
of the phenomenon on different classes of active galactic nu- 
clei (AGNs) seems to be also different Jjang & Miller! 1 1997t 
iRomeroetalll 19991 l2002t IStalin et alJl2005l) . BL Lacertae ob- 
jects, along with flat radio-spectrum quasars, seem to be among 
the most variable sources on short time scales. BLLacs, in 
turn, can be divided into two groups: X-ray selected BLLacs 
(XBLs) and radio-selected BL Lacs (RBLs) according to their 
spectral energy distributions (SEDs). In general, both types 
of objects have SEDs with two peaks, one thought to be due 
to synchrotron emission and the other produced by inverse 
Compton upscattering of lower energy photons. In the case of 
XBLs, the synchrotron peak falls in the X-ray band. In RBLs 
this peak is shifted towards lower energies, being between 
the radio and infrared bands. The optical microvariability be- 
haviou r of both sub-types of BLLacs seems to be quit e dif- 
ferent llHeidt & Wagnerlll99rlfl998llRomero et all2002t) . The 
XBLs are usually less variable, with smaller duty cycles and 
variability amplitudes than the RBLs. 



Although the optical microvariability phenomenon has 
been extensively studied for different AGNs, little is known 
about the polarimetric behaviour of these objects on time 
scales of hours. High-temporal resolution polarimetry has 
been perfor med for a few particular sources (e.g. 3C279, 
lAndruchow et all20 03) confirming the existence of microvari- 
ability in the optical polarization of some objects, but there is 
still no statistically significant information. 

In this paper we present, by first time, results of a system- 
atic search for microvariability in the polarization of a sample 
of BLLac objects. We have looked for rapid changes in the 
degree of linear polarization and in the position angle of both 
XBLs and RBLs. Our total sample has 18 objects, so we will 
be able to extract some statistical conclusions on the duty cy- 
cles for these sub-types of sources. For most of the objects, this 
is the first time that high time resolution polarimetric observa- 
tions are performed. 

The structure of the paper is as follows. In Section 2 we 
present a detail of the observed sample. In Section 3 we de- 
scribe the polarimetric observations. In Section 4.1 we de- 
scribe the statistical data analysis. Section 4.2 presents indi- 
vidual notes on the behaviour of each source. In Section 4.3 
we briefly comment on the normalized Stokes parameters. In 
Section 5 we discuss the statistics and the origin of the observed 
variability. Finally, we close with our conclusions in Section 6. 
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2. Sample 

The sample adopted for this work consists of 18 sources: 
10 radio-selected blazars (RBL) and 8 X-ray-selected 
blazars (XBL), and is tak en f rom the AGN catalogs by 
IVeron-Cettv & VeroiJll 1998b and lPadovani & Giommil lll995). 
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We selected blazars with declinations lower than +20° and 
brighter (at the time of our observations) than magnitude V = 
18.5. The redshifts spanned the range from z = 0.044 to 
Z = 1.048. Basic general information on these objects is given 
in Table [2 In this table, Column (1) gives the name of the 
sources, Columns (2) and (3) give their equatorial coordinates, 
Column (4) their classification, Columns (5), (6) and (7) pro- 
vide the colour excesses, the redshifts and the visual magni- 
tudes taken from the NASA Extragalactic Database (NED), 
Column (8) gives the published maximum degree of optical lin- 
ear polarization (for those cases in which this value was know 
from the literature), and Column (9) gives the corresponding 
references for Column 8. 

3. Polarimetric observations and data reduction 

The observations were done with the 2.15-m Jorge Sahade tele- 
scope at CASLEO, San Juan, Argentina, during 22 nights in 
April and November 2002, May 2003, and April 2004. In all 
occasions, we used the CASPROF photopolarimeter. This is an 
instrument developed at CASLEO and based on other, simi- 
lar two-ch annel photopo larimeters, as MINIPOL and VATPOL 
(Magalha e7etaflll984l iMartmez et aD Il990h . The observa- 
tions were carried out using always the same configuration: 
a Johnson V filter and an 11.3 arcsec aperture diaphragm. 
Integration times varied between 300 and 900 s, depending on 
the object brightness and the quality of the night. In all cases, 
we observed the target followed b y a sky integration. Sta ndard 
stars chosen from the catalog by Turnsh ek et alJ {l990) were 
observed to determine the zero point for the position angle and 
the instrumental polarization; the latter was found to be prac- 
tically zero. Weather conditions varied along the whole cam- 
paign, from photometric to partially cloudy (thin cirrus). 

The data were processed using a systematic method, after 
discarding some data points affected by moonlight contami- 
nation or passing clouds. We averaged each two consecutive 
target observations (on the Q - U plane) in order to improve 
the signal-to-noise ratio. A factor that affects both the object 
and the sky, is the presence of the Moon above the horizon. 
However, any systematic error, leading to spurious variations 
in the sky polarization, should be removed when the data are 
reduced, because each sky observation is made near in time 
and position to the corresponding source measurement. To pre- 
vent against errors due to rapid sky variations, we interpolated 
the sky flux and polarization (on the Q - U plane) to the time 
corresponding to each object observation, thus giving a more 
accurate sky subtraction. 

For each observing session we searched for any residual 
systematic errors by plotting the sky magnitude, as well as 
its polarization percentage and position angle, against time, 
and then comparing these graphs with the corresponding time- 
curves for the sources. No spurious variations, due to rapid sky 
changes, were evident. Two examples of typical microvariabil- 
ity curves are shown in Figures ^ an d HI Fig- H presents the 
behaviour of the RBL object PKS 0422+004 during two con- 
secutive nights in November 2002, whereas Fig. [2] shows the 
behaviour of the XBL source PKS 2155-304 for three nights 
in November 2002. Sky values are given as open symbols in 



both figures; note that a different scale was used for the sky 
plots. Both objects were always ~ 0.5 - 3 mag brighter than the 
sky, thus confirming that any effect due to sky variations should 
not be important. 

We also checked for the incidence of the foreground 
polarization (this is the polarization generated by interstel- 
lar dust particles oriented by the magnetic field of the 
Galaxy). Following Hough ( 1996), we used the known relation 
Pmax (%) ^ 9 to set an upper limit to the foreground po- 

larization in each of our fields. In column 5 of Table[0we give 
the E(b-v) values taken from the NED; it results that, since we 
observed at relatively high Galactic latitudes, the values of P max 
are between 0.13% and 1.62%. With the same purpose, we ob- 
served faint stars in most of the target fields in order to check 
their polarization values. In all the cases, values were « 1%. 
Thus, we are able to confirm that the foreground polarization 
does not affect ours results. 

We have used the Stokes parameters to check whether the 
pattern of the observations was random in the Q - U plane or 
not. We consider, as usual, normalized dimensionless parame- 
ters U/I and Q/I. Q - U plots for all objects of our sample are 
available at http://www.iar.unlp.edu.ar/garra/garra-sdata.html. 

4. Data analysis and results 

4.1. Statistical analysis 

We quantitatively analyzed our data by computing a formal 
variab ility indicator, following the criterion of Kest even et alJ 
lll976h . which was used by seve r al other authors in 
variability studies JAltschuled Il982l iRomero etall 1 1994 
lAndruchow et alJl2003h . According to this criterion, a source 
is classified as variable in an observing session for the observ- 
able S if the probability of exceeding the value 

// 

X 2 = ^ e r2(5,-<5)) 2 (1) 

!=1 

by chance is < 0.1 %, and it is classified as non-variable if the 
probability is > 0.5 %. In this equation, e* is the error corre- 
sponding to each measured value S ,, and (S ) is the mean value 
of S , given by: 

If the errors are random, X 2 should be distributed as y 2 with 
n - 1 degrees of freedom, where n is the number of points in 
the distribution. 

The other parameters that quantify the variability, in ampli- 
tude as well as in timescale, are: the fluctuations index fi, 

A< = 100^ %, (3) 

where cr s is the standard deviation of one data set; the fractional 
variability index of the source FV, 

t-i t j ^max — ^min , Ax 

FV = = — , (4) 
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Object 


a(2000) 


5(2000) 


Type 


E(B - V) 


z 


(«v) 


-Pmax ± CT 


Ref." 




[h m s] 


[° ' "] 








[mag] 


[%] 




0118-272 


01:20:31.6 


-27:01:25 


RBL 


0.014 


0.559 


16.5 


18.7 + 


1.0 


SF 


0422+004 


04:24:46.8 


+00:36:06 


RBL 


0.101 


0.310 


17.0 


23.3 ± 


1.1 


SF 


0521-365 


05:22:58.0 


-36:27:31 


RBL 


0.039 


0.055 


14.5 


6.0 + 


1.5 


SF 


0537-441 


05:38:50.3 


-44:05:09 


RBL 


0.038 


0.894 


15.5 


18.7 ± 


0.5 


SF 


0548-322 


05:50:39.7 


-32:16:18 


XBL 


0.035 


0.069 


18.3 


1.4 ± 


0.8 


SF 


0558-385 


06:00:22.1 


-38:53:55 


XBL 


0.054 


0.044 









F 


0829+046 


08:31:48.9 


+04:29:39 


RBL 


0.033 


0.180 


16.5 


12.0 ± 


3.0 


SF 


1026-174 


10:26:58.5 


-17:48:58 


XBL 


0.058 


0.114 


16.6 









1101-232 


11:03:37.6 


-23:29:30 


XBL 


0.059 


0.186 


16.6 


7.4 ± 


1.5 


SF 


1144-379 


11:47:01.4 


-38:12:11 


RBL 


0.096 


1.048 


16.2 


8.5 ± 


1.7 


IT 


1312-422 


13:15:03.4 


-42:36:50 


XBL 


0.105 


0.108 


16.6 








1440+122 


14:42:48.2 


+ 12:00:40 


XBL 


0.028 


0.162 


17.1 








1510-089 


15:12:50.5 


-09:06:00 


RBL 


0.097 


0.360 


16.5 


1.9 + 


0.4 


SF 


1514-241 


15:17:41.8 


-24:22:19 


RBL 


0.138 


0.049 


15.1 


6.9 ± 


1.3 


SF 


1553+113 


15:55:43.0 


+ 11:11:24 


XBL 


0.052 


0.360 


15.0 








1749+093 


17:51:32.8 


+09:39:01 


RBL 


0.180 


0.322 


16.8 


31.3 ± 


0.6 


SF 


2005-489 


20:09:25.4 


-48:49:54 


RBL 


0.056 


0.071 


15.3 


2.0 ± 


0.2 


SF 


2155-304 


21:58:52.0 


-30:13:32 


XBL 


0.022 


0.116 


14.0 


10.3 ± 


0.3 


SF 



" IT: llmDev & Troll] <1990h : SF: IScarpa & FalomoUl997h : F: J.H. Fan, private communication 



where 5 max and 5 m ; n are the maximum and minimum values, 
respectively, for the polarization or the position angle. Finally, 
the time interval At between the extrema in the polarization 
curve is defined as: 

A? — kmax ^minl? (5) 

where f max and f m ; n are the times when the extreme points occur. 

In Tables |2 and 13 we show the values of the variability pa- 
rameters for the linear polarization percentage and the position 
angle for the RBLs and XBLs, respectively. Column 1 gives 
the name of the object, Col. 2 lists the observation dates, Col. 3 
shows the number of points for each night, Col. 4 gives the total 
duration of the observation, Col. 5 gives the mean polarization 
for the observing night using Equation[2] Col. 6 shows the rms 
dp, Col. 7 gives the value for FV, Col. 8 is Af, Col. 9 shows 
the value of^ 2 , and Col. 10 shows the variability class (V: if 
the source is variable, NV: if it is not variable, and dubious in 
the cases where no definite decision could be reached using the 
above given criteria). Cols. 1 1 to 16 give the same information 
for the position angle. 

4.2. Notes on individual sources 

We comment now briefly on the observed behaviour of each 
object in our sample. 

RBLs: 

01 1 8-272: The linear optic a l pola rization of this object was 
measured by Impey & Tapia] dl988b with a significantly high 
value (Pv ~ 17%). This was one of the reasons fo r its classifi- 
cation as a blazar; a similar result was obtained bv lMead et alJ 



(1990). We observed this blazar on two consecutive nights, pre- 
senting variability on the first one, with the degree of polariza- 
tion rising from P = 5.77% to P — 9.41% in about one hour. 
On the second night, the degree of polarization appears as not 
variable but with a value of about 8%. Meanwhile, the position 
angle was variable with similar averages on both nights. 

0422+004: This blazar was reported to have quite high 
values of linear optical polarization, between 7 - 22% 
(An gel & Stockman! 1 19801) . p resenting high va riability over 
long periods of time (months). Mead et al. ( 1990) observed the 
source on two consecutive nights, detecting a decreasing degree 
of polarization from the first night to the second one (21.4% - 
12.4%, respectively). In Fig.QJwe show the temporal evolution 
of the linear polarization degree and position angle for this ob- 
ject, as an example of the RBL class. This is the best sampled 
RBL in our campaign. It resulted to be variable, both in P and 
9, on the two nights. The degree of polarization was quite high, 
mostly during the second night, reaching values up to ~ 13%. 
The general trend was a smooth variation within each night, 
with a higher mean value for the second night. These values 
are in agreement with the published ones. The position angle 
was variable; however, its mean value did not change signifi- 
cantly between both nights. 

0521-365: This southern blazar has been reported to hav e 
rapid variability at radio frequencies (seelRomero et aljT995b). 
as well as optical flux microvariability (Rom ero et alJ l2002). 
Its ho st was detected and classified as a luminous giant ellipti- 
cal bv lFalomol(ll994 . During the present campaign, the object 
experienced polarization variability on the first night, but the 
variability is not significant on the second one. We think that 
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w 

V 


0521-365 


05/11/02 


6 


4.22 


3.05 


0.769 


0.331 


2.1387 


61.38 


V 


140.63 


4.924 


0.044 


1.2391 


48.146 


V 




06/11/02 


8 


3.93 


2.88 


0.105 


0.054 


2.1621 


3.583 


NV 


144.43 


5.874 


0.061 


2.3018 


82.220 


V 


0537-441 


05/11/02 


5 


3.05 


9.92 


0.744 


0.095 


0.9363 


5.539 


Dubious 


6.93 


2.120 


0.377 


0.936 


6.594 


V 




06/11/02 


8 


3.90 


7.93 


0.717 


0.148 


2.7658 


16.412 


V 


0.74 


1.869 


0.015 


0.5347 


9.716 


Dubious 


0829+049 


08/05/03 


4 


0.77 


17.93 


0.759 


0.042 


0.5137 


9.108 


V 


215.03 


3.770 


0.021 


0.7740 


97.224 


V 


1144-379 


09/04/02 


8 


5.61 


3.36 


2.405 


0.804 


4.1942 


15.849 


V 


117.48 


24.269 


0.258 


1.138 


37.343 


V 




10/04/02 


8 


5.76 


3.91 


5.729 


0.735 


4.3768 


85.500 


V 


136.64 


7.426 


0.088 


4.0491 


12.018 


V 


1510-089 


11/04/02 


9 


5.20 


3.33 


4.177 


0.910 


2.5129 


63.811 


V 


79.25 


44.994 


0.734 


0.5221 


116.431 


V 




15/04/04 


12 


3.85 


3.41 


1.990 


0.769 


0.9415 


16.299 


V 


108.56 


36.589 


0.473 


2.8886 


47083.1 


V 




16/04/04 


8 


3.23 


3.35 


1.738 


0.727 


0.7196 


4.552 


NV 


51.16 


37.264 


0.973 


1.7916 


46.579 


V 


1514+939 


09/04/02 


12 


5.46 


1.81 


0.278 


0.256 


1.0489 


46.857 


V 


155.52 


10.666 


0.086 


2.9042 


231.435 


V 




10/05/03 


11 


3.08 


2.91 


0.442 


0.258 


1.5780 


18.14 


V 


157.62 


4.060 


0.039 


2.7840 


19.759 


V 




18/04/04 


6 


1.49 


3.33 


0.329 


0.113 


0.626 


12.254 


V 


174.09 


10.150 


0.027 


0.8911 


13.444 


V 


1749+094 


06/05/03 


15 


4.55 


2.41 


1.447 


0.876 


2.628 


17.718 


Dubious 


81.771 


62.561 


0.644 


1.9750 


256.071 


V 




07/05/03 


14 


4.66 


4.66 


2.489 


0.739 


0.579 


30.725 


V 


91.492 


58.908 


0.618 


1.8922 


530.175 


V 


2005-489 


10/11/02 


9 


1.35 


11.93 


0.136 


0.016 


0.344 


12.376 


V 


93.560 


0.262 


0.003 


1.0270 


7.701 


Dubious 



3* 

I 

CD 

■v 

c 



—■ 

c 
^> 

r 
r 

c 



Table 2. Variability results for the class of RBL 
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80 17 
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n 648 


n 8^90 


101 947 


V 


1026-174 


06/05/03 


9 


2.64 


6.31 


1.117 


0.229 


0.3229 


6.436 


Dubious 


181.14 


9.160 


0.077 


1.3460 


15.106 


V 




07/05/03 


5 


1.17 


5.44 


1.173 


0.278 


0.8190 


5.615 


Dubious 


184.63 


6.203 


0.043 


0.5590 


4.792 


Dubious 


1101-232 


08/04/02 


3 


0.89 


1.77 


1.301 


0.731 


0.8853 


6.729 


V 


56.96 


18.632 


0.344 


0.4461 


0.955 


Dubious 




11/04/02 


4 


1.40 


2.68 


0.855 


0.317 


0.4100 


3.761 


Dubious 


73.02 


9.081 


0.132 


0.3740 


2.966 


NV 




12/04/02 


3 


0.76 


1.72 


0.807 


0.476 


0.7585 


1.805 


Dubious 


70.34 


8.846 


0.104 


0.3796 


0.9800 


NV 




09/05/03 


3 


2.04 


8.38 


4.713 


0.376 


0.3350 


28.232 


V 


8.84 


11.634 


0.948 


0.3350 


33.480 


V 




15/04/04 


8 


2.76 


1.68 


0.981 


0.622 


0.3710 


4.765 


NV 


47.80 


32.350 


0.229 


1.1411 


23.578 


V 


1312-422 


07/04/02 


3 


0.73 


2.23 


0.796 


0.347 


0.7760 


0.699 


NV 


47.53 


23.597 


0.570 


0.7760 


2.258 


V 




16/04/04 


6 


1.96 


1.62 


1.202 


0.937 


0.7929 


6.476 


Dubious 


81.88 


28.538 


0.503 


0.3613 


6.897 


Dubious 


1440+122 


07/04/02 


11 


1.62 


3.36 


3.014 


0.883 


0.9375 


39.004 


V 


90.65 


30.748 


0.655 


0.5041 


52.332 


V 




08/04/02 


11 


4.92 


2.40 


2.223 


0.769 


2.2501 


22.142 


V 


95.62 


27.990 


0.459 


3.1650 


32.290 


V 


1553+113 


08/05/03 


12 


3.69 


3.22 


0.275 


0.130 


0.6070 


58.190 


V 


145.72 


3.899 


0.042 


1.7940 


169.885 


V 




09/05/03 


16 


3.96 


3.52 


0.233 


0.109 


0.9913 


43.744 


V 


150.40 


2.807 


0.032 


1.7616 


122.118 


V 


2155-304 


07/11/02 


14 


2.14 


4.99 


0.349 


0.104 


1.6264 


63.442 


V 


86.53 


0.925 


0.020 


0.3102 


14.979 


Dubious 




08/11/02 


15 


2.38 


3.40 


0.135 


0.074 


2.3804 


72.483 


V 


104.77 


0.748 


0.016 


0.9676 


23.177 


V 




09/11/02 


11 


1.67 


4.70 


0.018 


0.038 


0.5227 


56.893 


V 


94.93 


1.008 


0.017 


1.6744 


74.863 


V 



Table 3. Variability results for the class of XBL 
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Fig. 1. Polarization and position angle for the RBL PKS 0422+004 (solid symbols) and for the corresponding sky measurements 
(open symbols) as a function of time for two consecutive nights in November 2002. 



the cause for this could be the relatively large error bars for 
the degree of polarization during that night, which could mask 
any variation. The typical error was about 6% of the measure- 
ment because of the weather conditions. The mean value of the 
degree of linear polarization was almost the same in the two 
nights, about 3%. The position angle was clearly variable dur- 
ing the two nights, with a small but clear rotation on the second 
night: during the first hours, of 5 °/h in a clockwise direction, 
and during the last hours, of 7.6 °/h in an anticlockwise direc- 
tion. Large rotations of the polarizatio n angle have bee n previ- 
ously found at radio wavelengths hv lLuna et all Jl 993) for this 
source. 



0829+046: Its first polariza tion observations at optical wave- 
lengths were presented by Wills et al. ( 1980), who reported 
variability over a few days time interval. Unfortunately, we 
could follow this object just one night. During this period, the 
object presented a very high degree of polarization (up to 17%), 
increasing with time, and it was variable in both the degree of 
polarization and position angle. It is also intere sting to mention 
that this object was observed bv lGiroletti et alJ J2004I) at differ- 
ent radio wavelengths in order to resolve the jet structure and 
they found that it is one of the BL Lacs that presents evidence 
of emission on both sides of the core: two symmetric jets were 
detected emerging from the core and both are bended. 



0537-441 : This is another well-studied BLLac object, which 
has shown very high optical polarization durin g observa tions 
carri ed out by Impey and Tapia in the 1980s (Impev & Tapia 
1988). This object was extensively monitored by Romero et al. 
ll2000H2002h . presenting both behaviours, as variable and as 
non-variable in its optical flux at different epochs. We report 
here that during two consecutive nights in November 2002, 
0537-441 presented a high degree of polarization. On the first 
night the object's variability appeared as dubious, meanwhile 
on the second night it was clearly variable, undergoing rapid 
fluctuations with typical time scales of ~ 1 h and amplitudes of 
~ 1.4%. On the contrary, was variable on the first night and 
dubious on the second one, with a mean (6) ~ 0°. 



1144-379: This obj ect was classified as a blazar by 
llmpev & Taplal dl988h : they reported values for the degree of 
polarization between 0.0% and 9.4%. We observed the source 
in April 2002 and it was variable in both P and 8. During the 
last night, the degree of polarization showed a peculiar be- 
haviour: it rose about 14% in 4 hours, starting at P = 2.5% 
and ending at P = 16.5%. After ruling out all possible error 
sources (see Sect. we conclude that the cause of this pecu- 
liar behaviour is intrinsic to the source. 

1510-08 9: This object was confirmed as a blazar by 
iMoore & Stockmai] lll98ll) . Previous measurements of its op- 
tical polarization degree, made in 1980, were all under 7.8%; 
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Fig. 2. Polarization and position angle for the XBL PKS 2155-304 (solid symbols) and for the corresponding sky measurements 
(open symbols) as a function of time for three consecutive nights in November 2002. 
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however, iMeadet al.Nl990l) reported a high value off = 9.1%, 
in the / band. We observed 1510-089 during three nights, one 
in April 2002, and two in April 2004. The position angle was al- 
ways variable. The degree of polarization was variable in 2002 
and on the first night in 2004, but not on the second one. Its av- 
erage value was about 3% along all three nights, but reaching 
values as high as 13.8% during 2002. This BLLac presented 
no microv ariability during 1998 and 1999 in its optical flux 
jRomero et al.l2002h . 

1 51 4-241 (AP Lib): This is one of the objects which defined 
the blazar class; it has presented values of optical polarization 
between 2 -7% (lAn gel & Stockmanll98ol) . lMead etaD (ll990) 
reported similar values. We followed AP Lib on different occa- 
sions, resulting always variable; however, the average degree of 
polarization was quite low. During the last night in April 2004 
the position angle rotated in an anti-clockwise direction from 
180.3° to 170.9° with a speed of 10.5711. 1 

1749+093: This object has displayed dramatic polarization 
varia bility at optical and infrared wavelengths ( Brindle et al. 
198 61), whereas no significant variations were detected later 
(Me ad etal] fr990). Typical values fo r the degree of the opti - 
cal polarization are between 3 - 9% (Kiih r & Schmidtl ll990). 
Our variability data classify the source as dubious during the 
first night and variable on the second one, with a low mean 
value of the degree of polarization, but reaching a maximum 
value of Py = 9.8%. The position angle was variable on both 
nights, but this variability was probably not real, because when 
the modulus of the polarization vector is small, the angle is ill 
defined, thus preventing any real variability to be detected. 

2005-489: As far as we know, we are presenting here the first 
optical polarization data for this BL Lac object. The source was 
variable, with a relatively high degree of polarization, during 
the only night when we could observe it. The position angle 
variability was classified as dubious, but in fact, it remained 
almost constant around 93.7 ° with a sigma of 0.2 °. 

XBLs: 

0548-322: lAngel & Stockman! Jl980l) had reported low lev- 
els in the degree ofpolarization(1.5-2%). Simil ar results were 
obtain ed during the campaign undertaken by I.Tannuzi et alJ 
ill993l) . when P did not rise above 4%, with position angle 
variable and showing a 0.5 mag change in its optical flux. 
We followed this typical BLLac for two consecutive nights 
in November 2002, with a good time resolution. During both 
nights, the degree of optical polarization appears to be variable 
but low, and the position angle was variable, too. 

0558-385: We present the first polarization results for this ob- 
ject. The average polarization is very low, (P) ~ 0.8 - 0.9 %. 

1 Joining this information with additional data obtained without fil- 
ters, the general trend in the position angle was a constant rotation 
with sporadic direction reversals. 



The object formally classifies as variable but, since its polar- 
ization is so low, the large fluctuations detected in the position 
angle might be spurious. 

1 026-1 74: There are no previous optical polarization data for 
this blazar. We observed it in May 2003, when it displayed a du- 
bious behaviour in its polarization degree. However, during the 
second night, some variation is present, unfortunately masked 
out by the large error bars due to the weakness of the source. 
The highest and lowest values of the optical polarization were 
7.6% and 3.9%, respectively. The position angle was variable, 
showing no clear rotation trend, with values around 185°. 

1101-232: This blazar has been reported to have quite low 
values of optical polarization (the maximum detected was 
2.7%) , with evidences of intrinsic variability Jjannuzi et alJ 
Il993h . We have observed this source in 2002, 2003 and 2004. 
The behaviour displayed by the source went through different 
stages (from V to NV) along the different opportunities we had 
to observe it. During the only night that we observed it in May 
2003, Py rose to 14.7%, a very high value for this object, which 
had previously presented lower polarization values. 

1312-422 : This is another BLLac with no previous data on 
its optical polarization. We just followed it on one night in April 
2002 and another night in April 2004. The degree of polariza- 
tion was quite low (Py < 3.4%) and not variable on both occa- 
sions. 

1440+122: Published inf ormation a bout this object is scarce. 
Recent radio observations (Girol etti et all20 04) revealed more 
details about its structure, but no previous optical polarization 
data are available. This blazar resulted to be variable in both Py 
and 8 during April 2002. Py reached as high a value as « 8.3%, 
with a peculiar behaviour during the first night we followed it. 
After discarding any possible error sources (see Sect. the 
trend in the polarization degree is an interesting one, rising 
from P v = 1.3% to P v = 8.3% during the first 1.8 h, then 
going down to Py - 0.5% in about 1 h, and finally rising again 
up to Py = 7.5%. Meanwhile, the mean polarization was not 
too high ((Py) = 3.4%). On the second night, Py was variable, 
but with no peculiar trend. The position angle did not follow the 
variations in Py; however, it was always variable, with values 
around 6 - 95°. 

1553+133: The degree of polarization of this BLLac object 
was variable during our observations, with a flickering be- 
haviour on the first night. A qualitatively similar flickering has 
been det ected before at radio wave lengths in extragalactic radio 
sources ( iHeesche Jl984l iRomero et al.lll995al) . In the optical 
polarization the origin of the rapid flickering must be intrinsic 
to the source, probably related with turbulence in the magnetic 
field of the inner jet. The upper limit of the polarization was 
4.2% for this object. 
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2155-304: This is a very well studied BLLac object, known 
for its sh ort variability time s cales at optical to X-ray w ave- 
lengths dJannuzietalJll993l) . lAngel & Stockmanl Jl98dh re- 
ported values for the degree of optical polarization between 
3 - 7%. In the mid 1980s. iBrindle et alJ ( fl98r3) detected po- 
larization percentage variations and a clockwise rotation of 
the position angle , although on a ~ 48 h time scale. Four 
years later, iMead et alJ (|l990) measured a higher than usual 
polarization (Py s a 10%). The extensive monitoring made by 
ISmifh etall U992) in optical polarization and photometry re- 
vealed clear variations over long time scales; the authors also 
reported a 2% - 3% variation in Py and as much as 25° in 8, in 
24 h. They also found a mild wavelength dependent polariza- 
tion and a more rapid variation in the optical polarization than 
in the total optical flux. In a more recent work lTommasi et all 
(2001) reported a multiband monitoring of the optical polariza- 
tion searching for intranight and also long term variability. This 
campaign was made using the 2.15 m telescope at CASLEO 
equipped with the Photopolarimeter of the Turin Observatory 
and the total observing time was ~ 47 h along four different 
periods in 1998 and 1999. The authors reported a Py lower 
than 7% with small amplitude intranight variations, ~ 1.3% in 
P and ~ 7° in 8, but no statistical analysis of this behaviour 
was reported. They also found a low wavelength dependence 
in both the linear polarization and the position angle. 

Being a relatively bright object, we were able to use 
short exposure times, hence getting well-sampled time curves. 
These are shown, as an example for the XBL class, in Fig|2] 
Significant variations both in Py and 8 are clearly seen on each 
of the three consecutive nights that we followed the source, 
with a moderately high mean polarization (Py) ~ 5% and with 
a position angle varying from {8} = 87° to (8) = 105°. During 
the first night, Py raised as high as 5.7% at the beginning of 
the night and then went down, ending at 4.7%. Apparently, this 
decreasing trend continued during the day hours, because at the 
beginning of the second night, Py started at 3.2%, going up for 
the rest of the night and presenting an inverse behaviour during 
the last night. With respect to the position angle, the variation 
was clear and presented a fast rotation during the third night. 
The angle rotated in an anti-clockwise direction from 96.7° to 
93.5° with a speed of 1.9°/h. 



5. Discussion 

In order to characterize the two different classes of objects un- 
der study here, we analyzed the behaviour of the sources from 
a statistical point of view. First, we calculated the duty cycles 
(DC) for the sourc es of a given class. This q uantity can be esti- 
mated, following R omero et al.Nl999lE002l) . as 



Ni,(l/Ali) 

DC - m aaw % - 



(6) 



where Af, = A?,, b s (l +z) _I is the duration, corrected by the cor- 
responding redshift, of the i-th data set of the quantity and class 
under study; N/ is the weight (equal to 1 if the source was clas- 
sified as V, or if the source was NV or dubious). Because we 
weighted dubious cases with 0, the DCs calculated are actually 



lower limits. The corresponding DCs for the degree of polar- 
ization (P) and position angle (8) for both classes of objects 
(RBLs andXBLs) are: DC(P,RBL) = 77.01%, DC(8, RBL) = 
87.25%, and DC(P,XBL) = 51.23%, DC(6>,XBL) = 55.15%. 
So, the RBLs appear to constitute the most variable class. A 
similar behaviour has been foun d when only op tical flux vari- 
ations were considered by Rome roet alJ J2002I) . with duty cy- 
cles DC = 71.5% and DC = 27.9% for the RBLs and XBLs, 
respectively. The photometric microvariability of XBLs seems 
to be systematically lower, nonetheless, than their polarization 
microvariability. 

A complementary view can be obtained by plotting the his- 
tograms of the distributions of the sources that resulted to be 
variable. Figures [3] and |4] show the number of sources classi- 
fied as variable against the time scales for the variation (Col. 8 
and 14 in Tables |2] and QJ, for the degree of polarization and 
position angle, respectively. 

It can be seen that the RBLs have a wider and flatter distri- 
bution in the degree of polarization than the XBLs; this is an 
indicator that, when an XBLs is variable, its variation timescale 
is shorter than that of the RBLs (typically At < 1 h). The his- 
tograms corresponding to the position angles present no signif- 
icant differences between the two classes. 

Similar histograms were made showing the distributions of 
variable sources against the fractional variability index (Col. 7 
and 13 in the same tables). This is shown in Figs. [5] and [6] 
for the same parameters as before. Here, the RBLs appear to 
have two peaks, one for P » 0.2 - 0.3%, and the other around 
P ~ 0.8 - 0.9. On the contrary, the XBLs have a more uniform 
distribution. 

Concerning the position angle, the variation of the RBLs 
appears to be more frequent for the lowest FV values. Again, 
the XBLs seem to have a more uniform distribution. 

Since we present here a significant number of sources be- 
longing to two different sub-types of BL Lac objects, it is also 
interesting to compare the average degree of optical polariza- 
tion between them. Our r esults confirm the previous ones re- 
ported bv lFan et alJJl997l) : the XBLs generally have lower op- 
tical polarization than the RBLs; this kind of behaviour can 
be seen in the histograms drawn in Figure A Kolmogorov- 
Smirnov test shows that both data sets are most probably taken 
from different parent distributions, although the significance 
level is only moderately high (95%). As an additional informa- 
tion, we also include the distribution of V and NV or dubious 
cases for both classes of BLLacs studied here. 

In general, since XBLs have the synchrotron peak of their 
spectral energy distribution at X-ray energies, we could ex- 
pect that these objects have, on average, either higher mag- 
netic fields or more energetic particles than RBLs, which peak 
at radio-IR wavelengths. The fact that they have on average 
less polarization and that this polarization is less variable than 
what is found for RBLs seems to support the second possibil- 
ity, i.e., the particles in their jets are systematically more en- 
ergeti c than in RBLs. On the contrary, as noticed bv lFan et alJ 
( 1997), the RBLs seem to have larger macroscopic relativistic 
motions, hence displaying higher duty cycles for rapid vari- 
ability, which is probably associated with relativistic shocks 
in the jets. Their magnetic fields seem to be also systemat- 
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ically stronger than in XBLs, as indicated by the higher de- 
gree of linear polarization. This leads to a simple picture where 
XBLs have particles with high microscopic Lorentz factors 
that cool radiating high-energy synchrotron emission whereas 
RBLs have less energetic particles but higher macroscopic bulk 
motions and stronger fields, hence presenting higher variabil- 
ity. Alternatively, XBL could have similar magnetic fields, but 
less homogeneous, hence less degree of linear polarization. The 
origin of the rapid microvariability s eems to be associated with 
relativistic shocks in any case (e.g. iRomero et alJll995bl and 
references therein). 



and the polarization angle of RBLs. The average polarization 
is also stronger than for XBLs. XBLs, although displaying a 
lower level of polarimetric microvariability, are also signifi- 
cantly variable, with duty cycles of ~ 50 %, higher than what is 
observed from purely photometric observations. We speculate, 
on the basis of our findings, that the stronger synchrotron losses 
presented by XBLs might be due to systematically higher mi- 
croscopic Lorentz factors for the particles in the jets, rather than 
to stronger magnetic fields. However, it should be noted that 
further observations of objects (with each object monitored on 
several nights) are needed to establish this conclusion firmly. 



6. Conclusions 

We have monitored 8 XBLs and 10 RBLs, looking for in- 
tranight variability in the optical polarization. We have found 
high duty cycles for both the degree of linear polarization 
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